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THE KITOCK:LM'EED P.'I!.'RFOR{ANCE OF FUEL BLEMB .CONTAINING AROMATICS
‘I - 'I'OI.UEIEE, ETEII.BENZENE, AND p-XYLERE

By ca.rl L “Mayer a.nd Js Ro'ber‘b Branstetter
Endck-limited emall-scale-engine tésts were made of toluene,
ethylbenzens, and p-xylens blended individually in various concen-
trations with selected base fuelas. Data were obtained for the
aromatics to determinet (a) the blending sensitivity, (b) the lead
susceptibility, and (c) the sensitivity of the blends to inlet-air
temperature. Published full-scale-cylinder date for the arcmatics
ars presented for comperatlive purposes.

The exromatics increased the knock-limited performsnoe of the -
base fusls at rich fuel-air mixtures. At lean mixture ratios, how-
evVer, the knéck-limited response of the arcmatic blends-relative to-
the base fuels was more dependent on the severity of the testing
cbnd.itions ’

INTK)DUCTION

In the Organic Synthesis Section.of the AERL Fuels and-Lubri-
cants Division, a series of aromatics In the Cg to C,o range is .
being prepared for knock testing. Facilities permit-these aromatics
to be syntheslzed or purified to a hlgh state of purlty in lots of
epproximately 10 gellons. When the aromatlics ars prepared, they.are
tested 1n blends with specific base fuels to determine the knock-
1limited' characterlstlics of these blends. The aromatics that have
béen prepared at AERL in the first phase of the preogrem are as
fbllows: -1 ,3,5-trimethylbenzene (mesitylene), m-diethylbenzens, ..
P-xylens, l-ethyl-+4-methylbenzens, tert-butylbenzene, lsopropylben-
zene (cumens), toluens, eth;rlbenzene, Bec-butylbenzene, benzens,

,4-tr:|methyl‘benzena (pseudocumane), a:nﬂ. o-xyleno.

Because the quantity of each -aramatic prepa.red 1s ama.]_'L y 1t 1s.
adviseble that the research program be so plamned that the greatest
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emount of useful-data ¢an be obtelned. Most of the knock testing
of pure hydrocarbon compounds has been done in small-scale engines,
such as the tests performed at the various industriel leboratorles
in the CFR engine, at the Gensral Motors Corporation in the General
Motoras engine under the sponsorship of the American Petroleum
Institute, and at the Ethyl Corporatlon 1n the 17.6 englne, also
under the sponsorship of the American Petroleum Institute.

The data obtalned fram such test#® contain information on the
knock-1imited power of the pure fuels with and without tetraethyl
lead and of the fuels blended in certeln base fuels with and without
tetraethyl lead. In the past, two procedures have been followed:

(1) The determination of the knock-limited compression ratio .
(termed the "critical compression ratio") at constant
manifold pressure

(2) The determination of the knock-limiteéd manifold pressure
* and indicated mean effective pressure at constant com-
pression ratlo

The data determined by the General Motors Corporation were obtained
with the first procedure and those by the Ethyl Corporatlion with
the second procedure. When the test program at AERL was outlined,
1t was declded to follow the second procedure for most of the tests.

Two factors of primery lnterest in such tests are the response
of the fuels to different engine operating conditions and the
response to different engine designs, with particular emphasis on
the significance of the results of tests on small-scale engines 1in
relation to those on a full-scale aircraft-engine cylinder. It 1s
desirable that data be obtained under conditions that will correspond
to those belng used in other laboratories. Three types of engine
have been chosen for the tests: the 17.6 engine, the CFR engine,
and the R-1820 G200 cylinder. All data on the full-scale eylinder were
taken from referencs 1. - .

It is advisable that the base fuels be fuels that are avallable
to all leboratorles and that can be reproduced as needed. Two base
fuels have been chosen to meet these requirements, 8 reference fuel
end a blend of 85 percent S ani 15 percent M reference fuels. The
blend of S and M reference fuels 1s belng used as a standard in
several laboratories. The use of the 15 percent M in one of the
base fuels does not meet the requirement of reproducibility of the
fuel but was chosen becausé this fuel has been used in previous
tests (reference 2).
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"This report, which is the first of a serles of five reports
Presenting test results on arcmatic fusls, lists the date on toluens,

-— ethylbenzene and: p-xylene: ' These arcmatics were purified by

“-Mesgrs.' T W. Bemolds-anﬂ. J. T. Wright under the supervision of
Dr. L. €. Gibbons. ' The tests were conducted at the NACA :Alrcraft
Engine Research La.'bora.'bory, Clevela.nd, Ohlo, dtrring Janua.ry and
Fobxuary 1944. -

k]

The over-all o'bJectives of ‘bhe tests consist " :I.n d.etemining

LR

(a) 'I'he blend.tng seneiti‘vity of the arcmatics in the base ref-

_' erénce f‘uels. These teata weze. run prima.rily on thres engines.

{b) The lead suscop‘l:ibility of the a:mna.tic 'blends. These
tests were rim ori the'17.8 engine, in vhich blevds containing 0 and
4 m1111iiters tetreéthyi lead per gallon were employed.

(c) The temperature sensitivity of the blends of the arcmatics
in the base fuels. Thuss tests were run on the 17.6 engine at inlet-
alr tempsratiures of 250° and 100°F.

(d) The correlation of full-scale and emall-stele results.

METHODS OF PRESENTING DATA

Two methods of summarizing the data will be presented in each
report. The first method consigte in the prepera‘ion of a table 1n
vhich, at each opsrating condition, the kmock-linmived indicated mean
effactive pressurens erd the knock-limited imep ratios are given at
fuel-air retios of 0.0€5, 0.070, 0.085, 0.100, and 0.110. ' The F-3
and ¥-4 retizgs of the “lends for which thege data are obtalned are
elso tabulated when pcasible.

The second method of summarizing the date consists in plotting
the percentage of specific armmaticse in the blend against the knock-
limited lmep ratios. In these plots the reclprocal acale, which has
been used at AERL in analyzing knock-limited data, ls sometlmes used.

In addition to the summary tables and plots, all alxper:lmenta.l
data are presented in the conventional form of curves of fuel-alr
ratio against knock- -limited indicated mean 'effectlve p:r'essure at the
specific test comlf,icns. The kmock-limitsd menifold pressure and
the indicated specific fuel consumption under all test condltlons
are also plotted. The curves of iIndicated specific fuel consumptlon
are chiefly used as & means of checking the general precision of the




4 : NACA ARR No. E4JO5

datd} no analysis will be made 1n these reports of the significa:nce
of any dlfferences that occur 1n the data presented.

In the tests made on the CFR engine, ratings (within reference-
fuel 1limits) are glven in termms of octane number end 5 plus milli-
liters tetraethvl lead or performence mumber, following the standerd
procedures for suoh determinations. The results from tests on the
full-scale cylinder (reference 1) are glven in terms of S plus M blends
or S plus milliters tetraethyl lead. The rating curves of S and
8 plus milliliters tetraethyl lead are not included in the results on
the 17.6 engine because 1t was belleved to be more advismable to use
the time avelleble in running tests under different operating condi-
tions rather than under fewer condltlons and obtaining the reference-
fuel curves. Correlation of the ratings cen be obtalned, however,
through a camparison of the knock-limited imep ratlos at the different
englne operating conditions end in the different test englnes

(imap ratio = lmep of arcmatic blend).
imep of base fuel

Certain of the aromatics permlt kmock-limited powers in excess
of those that can be represented by the.present system af fuel
rating; that 1s, the knock limit of the blends is in excess of that
of 8§ plus 6 mil1lliiters tetraethyl lead per gallon. For thle reason,
imep ratios were recorded in every case.

The temperature sensitlvity presented in these reports 1s
expressed as the ratio of the knock-limlited indlcated mean effectlve
Pressure at an inlet-alr temperature of 100° F to the knock-limited
indicated mean effective pressure at an lnlet-alr temperature of
250° F as determined on the 17.6 engine. It 1s recognized that no
specific means of expressing temperature sensltlvity has been declded
upon, but it is belleved that the method used herein gives a reason-
able Indication of temperature senslitivity.

APPARATUS

The 17.6 englne. - The 17.6 engine 1s a single-cylinder test
engine with a stroke of Si inches &nd bore of 2% inches. The stend-

ard inlet manifold of the 17.6 englne was used with its independent
"warm-up" fuel system, instelled for the purpose of conserving the
test fuel. Knock was detected by a cathode-ray oscllloscope 1n con-
Junctlon with a megnetostriction plckup unit.
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Because this engine has a mmall digplacement; ‘1t .permits more
data to be obtained with a given amount of fuel then does a larger
engine.- For this reason, most of 'bhe tests have 'been cond.ueted on

'ﬁhel?Gengina

'.I!‘he F-4 eg&ine. - Operati-on of the resea.rch F4 engine ‘(not u
packa.ge unit) conformed to CRC designation F-4-443 except for the
use of two independent fuel systems and the ‘detectioh of* kmoock" by a
cathode-ray osoilloscope in oonjunction with a -magnetostriction

" pickup unit. Because of thése alterations,™the. durves of indck-
"limited indicated mean effective pressure againet fuel-air ratio -
deviates from the F-4 background curves; rich ratings in the =
research engine, however, are in line wlth those of a standard
F-4 engine.  (Hereinafter the research F-4 engine will be rererred
to a8 an F-4 engine.)

~* The F-3 eongine. ~ The F-3 engine confomed. to CRC d.esigna,tion
F- 3-544 wlth the exception of a barcmetrically contrnlled dry-alr .
source in place of a dehydrating ice tower.

~

TEST PROCEDURE
Each aromatic was blended with 8-3 reference fuel 1n concen~

trations of 10 and 20 percent by volums; a portion of each blend
was leaded to 4 milliliters tetraethyl lead per gallen. In addi-
tion, blends were prepered containing 10, 25, and SO percent by
.yelume of arcmatics in the base fuel consisting of 85 percent S-3.
Plus 15 percent M-4; the final blends contalned 4 milliliters tetra-

ethyl lead per gallon. The physical constants .of tolusne, ethyl~-
‘benzene, P-Xylenes after purification are given in ta.'ble I.

' The choice of engine operating condlitlons 1s an important
factor in any set of fuel tests. On the 17.6 englne no standard-
1zation of test conditions exists. The Ethyl Corporation operates
the engine in its 1a.'boratory for the Amerioan Petroleum Institute
at the followlng conditions:.

Engine speed, IPM . . « ¢ « ¢ = o + o.0 o o » 5. o s s.0 a .0 o 900
Compreasion YALI0 o o & ¢ ¢ o o o o s s s « « s o s 58 o o« o & "B
Coolant temperature,; OF . v . & « « « o o 2 « s =« a s o s s « o 300
TInlet-air temperature; O . ¢ v ¢« & « ¢« ¢ « ¢« « o s o a o« « s » 225
Bpark advence, Aeg BTGy « « o =« o 1 o + o a0t o s o o ¢ o o= 20

In the NACA tests the 17.6 engine was operated with the following
conditions malntained constant: '



6 ' . NACA ARR No..EAJOS

:_'Engine_speed.,'-rm.._'..........;.......-.. 1800
Campression ratlo . o v ¢ ¢ ¢ ¢ e n ¢ ¢ 0 o s o s s o 4 s a0 1.0
Outlet-coolant temperature, OF . « « ¢ + o ¢ o ¢ o w.0 o & o o« 212
Inlet-air temperature, ®F . . . « « ¢ ¢ ¢ « ¢ w4+ » « <o 100, 250
Spark edvance, deg B.TC. « « o o o+ o ¢ s s ¢« + o s s s ¢ ¢« o « 30
InJection timing, deg AMT.C. .« ¢ ¢ =2 ¢« ¢ o ¢ o o v ¢ s o o . 60

These conditlons were chosen after an exemination of results on the
antiknock effectiveness of xylidines in the 17.6 engine and three
full-scele single-cylinder englnes operated at AERL. Two of the full-
scale cyllinders were of the air-cooled type while the other was liquid
cooled. .

The operation of the 17.6 engine was checked by dally lkmock-
limited tests on S-3 reference fuel or 8~3 plus 4 milliliters tetra-
ethyl lead per gellon. The blending sensitivity of the arcmatics in
S5=-3 reference fuel, with or without 4 milliliters tetraethyl lead per
gallon, was indicated by comperison of data obtalned during the period
of 1 day. Lead~-susceptlihillty and temperature-sensitivity checks,
however, were made by comparison of teste of different days.

The data on the Indicated specific fuel consumption for the
blends tested in the 17.6 engine are presented but are intended for
use only as control plots and not as an indication of full-scale
characteristics of indicated specific fuel consumption.

The CFR engines were run under F-3 end F-4 conditions to obtaln
results that will correlate with those recorded at other-laboratories.
‘In order to permit further correlation of .the NACA date with those
of other laboratorles, the full~scale-cylindier engine was operated
- under the coanditions tentatively recommended by the Coordinating
Research Councll. The complete description of the tests are on full-
scale single-cylinder engine and the date recordéed are- discussed. in
more detall 1n reference 1.

RESULTS AND -DISCUSSION

‘Data on the 17.6 eraine. - The knock-limited performance of the
blends of tcluene, ethylienzens, and, v-xylone in the S-3 base fuel
is presented in figures 1 to 6. Arcmatic blends were tested.clear
and with 4 m1l11iliters tetrasthyl lead per gellon at inlet-air tem-
peratures of 100° end 250° F. .

Certain similarities are evident in the deta for the three
aramatics. At tke higk inlet-air terperatures with the unleaded
fuel, the knock-limited indicated mean effective pressure was not
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appreciably increased through tlie-ad@ition of the aromatics at fuel-
air ratios in the neighborhood of 0.065 and 0.070 but was increased
at higher fuel-alr ratios. When the inlet-alr temperature ¥as
decreased to 100° ¥, the knock-liinited indicated ‘mean effeotive pres-
sure at all fuel-a.:lr ratios was appreciably increased through the
eddition of the aromatiocs. These temperature’sensitivities agree
with those generally expected of the b.romtio fuels. - .

VWheti tetrasthyl lead was a.dded the da.ta. shcw thet even at an
inlet-air temperature of 250° F-and at the lean mixturee the aro-
matics increased the knock-limited inaioated mean. effeotive pressure,
of the base fuel, which indicates tha.i‘.‘ the blends were more respon-
sive to the lead additions than wag the. base fuel. This response
of the aromatic blenda to the addition of teﬂraethyl load was aleo
noted at the lower inlet-air temperature.

In general, the toluene was less effective in .:I.ncreasing the
knock-limited indicated mean effective pressure than was elther the
ethylbenzene or the p-xylens.

Data on the F-4 engine. - Figure 7 presents the F-4 results
for the 85 percent 5-3 plus 15 percent M-4 base fuel with 4 milli-
liters tetraethyl lead per gallon. The F-4 results for the three
arcmatics 1n blends of 10, 25, and 50 percent are shown in figures
8, 9, and 10 for toluene, ethylbenzene, and p-xylens, respectively. -
Data for blends of 20 percent of both toluene and ethylbenzene in
the S-3 base fuel are also included. With each aromatic, &s the
concentration was increesed, the rich-mixture response lncreased
untll, at a concentration of 50 percent, the curve of knock-limited
indicated mean effective pressure became neerly vertical 1n the region
of 0.09 to 0.10 fuel-air ratio. Because of engine limitations, the
50-percent blends of these fuels were not tested at fuel-alr ratios
much in excess of 0.10 nor was it poasible to evaluate these rich-
mixture responses in terms of 8-3 plus lead.

A summation of these knock-limited data is presented in table II,
together with the data on the full-scale oylinder (reference 1).
Inasmuch as the base fuel was not tested each day in the F-4 engine,
an assumed dally knock-limited performance curve of the base fuel was
estimated from the performance of the daily bracketing reference
fuels and the data of figure 7. These estimated values of the knoock-
limited power were used in calculating the imep ratios.

In figures 11l(a), 12(a), and 13(a) plots of imep ratio against
aromatic concentration (linear scale) are presented. These data
show the comparative effect of the addltion of the aromatics in
different concentrations of the knock-limited mean effective pressure
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under F-4 conditions at the three fuel-alr ratios.noted.’ At Xean.
nmixtures (0.070 fuel-air ratio) the knock-limited indicated mean .
effective pressures showed very little variation with changes in the
percentage of the arometlc up -to 50 percent. At a fuel-air ratlo-of
0.085 the knock-limlted indlicated mean effective pressure lncreased
approximately linearly as the aromatic content was increased. At a
fuel-alr ratio of 0.10 the rate of Increase for a glven aromatic con-
centyatlion Increasel eppreclably as the concentration wes lncreased.
The data for ethylbenzene do not. show proportlonally as great an
increase at a fuel-air ratio of 0.10 as do the other. two arcmatics
for the 50-percent blends. Thls result is due to the fact that the
very rapld Iincrease in knock limit caused by the addition of. ethyl'ben-
zene occurred -at fuel-air ratios slightly higher then 0.10.- -

Figures 11(b), 12(b), and 13(b) present plots of imep ratio
(reciprocal scale) agalnst aramatic concentration. The previous
data teken on the paraffins blended with the same base fuel (ref-
erence 2) showed a linear relation when the indicated mean effective
Pressure was plotted on the reclprocal scale. This linear relatlion
1s not generally a.pplica.'ble to the aromatic -blends as tested in the

¥-4 engine.

Flgures 14, 15, and 16 present plots of imep ratio against
aromatle concentration on the linear scale for the blends tested
in the 17.6 engine. These data show the comperative effect of the
addition of aromatics at three fuel-alr ratios and elso the effsect
of inlet-air temperature and tetrasthyl lead.

The F-3 and the F-4 ratings of the different blends obtalned
are tebulated in table IITI. These data are expressed in terms of
octane number or S-3 reference fuel plus tetraethyl lead and In
terme of performence nmumber. :

Teble IV contalns data on the lead susceptibliity of the blends.
In most cases, the leed susceptibility as expreased 1s greater for
the aromatle blends than for the S-3 fuel.

The temperature sensitivitles ars summerized in teble V. With
a few exceptions the temperature sensitivity in each case ls greater
for the arometic blemnds than for the base fuel, although as the
mixture was enriched the temperature sensitivities of the aromatic
blends approached thet of the base fuel and at a fuel-alr ratilo of
0.11 the difference was not great.

In teble VI unpublished F~4 englne data for toluene and ethyl-
benzens frcm the Universal 01l Products Company are presented and
compared with the NACA F-4 engine data. The agreement between the
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knock-limited indicated mean effectlive pressures of the two sets of
date wes surprisingly good except for those tests wherein knock-
limited indicated mean effective pressures of more than 300 pounds
Per square inch were obtailned.

S'MJA.'RI OF RESULTS

From knock-limited tests o:l’ fuel blends contalning toluens,
oethylbenzene, or ;g-.tylene, the following results are presented:

1. Toluene, ethyl'benzena, p-xylene increased the Icnook
limited Indicated mean effective pressures of ths two base fuels .
in the rich region at all operating conditions tested. The emount
of Increase varled from 5 to 183 percent depending on the operating
conditions and the percentage of aramatics. p-Xylene allowed greater
knock-1imited indicated mean effective pressures et high fuel-air
ratios than did elther toluene or ethylbenzens, but in soms cases
the differences were emall.

2. At lean fusl=-ailr mixtures, the following results were noted:

(a) The three arcmatics increased the knock-limited indicated
mean effective pressures of the base fuel 10 to 39 percent 1n the
full -scale cylinder.

(b) In the 17.6 engine the addition of the aromatica increased
the knock-limited indicated mean effective pressures of the base
fuel fram O to 33 percent.

(c) In the F-4 engine the effect of the aromatics varied from
an Increase of 9 percent to a decrease of 6 percent in the kmock-
limited lndicated mean effective pressure of the base fuel.

(&) In the F-3 engine the arcmatics decreased the knock rating
in nearly all cases.

S. Though scme exceptions were noted, the general trend indi-
cated that the lead susceptibillity of the aromatic blends increased
with increasing aramatic content and decreased with lncreasing inlet-
alr temperature.
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4. In general, the knock-limited performance of the aramatic
blends was more susceptible to changes in inlet-air tempemtm
than was the 8-3 reference fusl.

Alrcraft Engine Research Laboratory,
National Advisory Comlttee for Aeronautics,
Cleveland, Ohlo.
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TABLE I. - PHYSICAL CONSTANIS OF TOLUENE3

ETHYLBENZENE ; AND p-XYLENE

rArgma.tic Freezing'Boiling Index of Density
point point |refraction |at 20° C
(%) | (%) | n2 (grem/ml)
D

Toluene -95.014 | 110.6 1.4967 0.8668
Ethylbenzene | -95.025 | 136.2 1.4960 .8664
p-Xylene 13.228 | 138.4 1.4960 .8605

I

|

Netional Advisory Committee

for Aeronautics




TABLE IT. - SUPERCHARGED-ENGINE TESTS OF BLENDS CONTAINING TOLUENE, ETHYLBENZENE, OR p-XYLENE

Fuel composition - Englne Test results
Compound Blend composition Tetra~ conditions Fuel-alir ratio
{percent by volume) ethyl Englne|Inlet- 0.065 0,070 0,085 0.100 0.110
re §5-3 o per- |lead speed (alr tem-[Imep|imep [imep|imep |imep|imep |imep[imep |Imep[imep
aromatic|refer-|cent S-3|(ml/gal)|(rpm) |peraturé ratio? ratio? ratio? ratiod ratio?
ence |plus 15 (°F) .
fuel percent
Mo |
17.6 engine
Toluene 12 90 o] 0 1800 250 138 1.04 {137 1,02 |158 1,05 (176 1.08 |181 1.11
Ethylbenzene 10 90 0 4] 136 1,02 {137 1.02 | 189 1.04 |185 1.11 [193 1.16
p-Xylene 10 90 ] 0 136 1.01 | 136 1.01 }167 1,10 |187 1.12 [191 1.14
Toluene 20 80 [+ 0 1800 250 138 1,04 | 137 1.02 166 1.11 [197 1,21 [206 1.26
Ethylbenzene 20 80 4] 0 135 1,02 1134 1,00 | 164 1,07 |200 1.21 | 219 1.3
B*Xylene 20 80 0 o] 140 1,04 ;140 1.04 |176 1.16 {213 1.28 | 231 1,38
[¥oluene 20 B0 [¢] [4] 1800 [ 100 170 T 1,05 | 173 1.07 [201 1.18 [215 1.21 {21 l.24
Ethylbenzene 20 80 0 0 196 1.19 | 199 1.21 | 221 1.28 | 237 1,35 {238 1.36
p-Xylene 20 80 4] 0 196 1.15 | 202 1.20 | 225 1.29 | 240 1,34 |248 1.40
Toluene 190 90 4] 4 1800 250 218 1.01 | 229 1,03 | 258 1.04 {273 1,05 |285 | 1,10
Ethylbenzene 10 90 0 4 229 1,07 | 237 1.07 | 263 1,08 |282 1,10 |291 1,13
g-Xylene 10 90 0 4 222 1.04 | 239 1.08 [ 274 1,12 {293 1l.14 |300 l.16
Toluene 20 80 4] 4 1800 250 227 1,05 | 239 1.07 | 276 1.11 {308 | 1.10 {327 1.26
Ethylbenzene 20 80 [+] 4 243 l1.14 | 259 1.17 [ 297 1.22 | 336 1,31 [351 1.36
p-Xylene 20 80 [¢] 4 225 1.056 {250 1.13 | 301 1.23 343 1.34 | 564 1.41
Toluene 20 80 Q 4 1800 100 309 1,13 | 317 1.17 | 342 1,23 | 362 1.29 |3656 1.31
Ethylbenzene 20 80 o] 4 348 1.29 | 359 1,33 | 379 1.36 | 383 1.37 |381 1,38
-Xylene 20 80 0 4 334 1.23 | 348 1.28 | 397 1.42 | 412 1.47 412 1.48
F-4 engine
Toluene 10 0 90 4 1800 225 139 1.01 |154 1,05 (181 1,08 [194 1.10 {197 1.13
Ethylbenzene 10 [s] 90 4 145 1.06 | 157 1.07 | 185 1,11 {198 1.12 200 1,14
p-Xylene 10 0 20 4 128 1,04 | 143 | 1,07 (178 1,10 |192 1.10 |194 1.11
Toluene 25 0 75 4 1800 225 137 1.00 1153 1.04 | 197 1.18 (227 1.29 240 1.37
Ethylbenzene 25 ) 75 4 140 1,02 |159 1,08 | 202 1.21 | 227 1.29 |240 1.37
p-Xylene 25 4] 75 4 124 1.01 | 146 1.09 | 205 1.28 [243 1.39 |262 1.50
[ Toluene 50 (0 50 1 1600 | 225 | 115 | 0.84 | 146 | 0.99 | Bi2 | 1.27 |428 | 2.43 |-== | =--=
Ethylbenzene| 50 0 50 4 119 | .99 [142 | 1.07 {227 | 1.44 [207 | 1.70 |eee | =---
-Xylene 50 0 50 4 115 | .94 {138 | 1.03 | 252 | 1.57 [495 | 2.83 |ace | =ew-
Full-scale cylinder (reference 1)
Toluene 25 0 75 4 2000 210 130 1.28 | 196 1.30 | 258 1.41 }317 l.48 | 323 1.42
Ethylbenzene 25 (o] 75 4 200 1,35 | 210 1.39 | 265 1.45 | 206 1.38 (306 1.35
p-Xylene 25 4] 75 4 183 1.24 |198 1.31 | 307 1.68 345 1.61 {358 1.58
Toluens 25 0 75 r 2500 | 250 {170 | 1.10 |176 | 1.12 | 262 | 1.41 |302 | 1.40 |320 | 1.38
Ethylbenzene| 25 0 75 4 174 | 1.22 192 | 1,22 (249 | 1.33 |294 | 1.36 [309 | 1.34
p-Xylene 25 o] 75 4 184 1.19 j190 1.21 | 290 1.55 {354 1.64 |380 1.64

imep of aromatic blend
imep of base fuel

ai.mep ratio = « For those blends tested in the 17.6 engine, the base fuel is S-3 or 5-3 plus
4 ml TEL/gal; in all other inatances, the base fuel 1s 85 percent S-3 plus 15 percent M~4 plus 4 ml TEI/gll.
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TABLE IIT. - F-l; AND F-7 RATINGS OF TOLUENE, ETHYLBENZFNE, AYD p-XYLENE BLENDS

SOLtT *oN WMV YOWN

Compound Composition (percent by volume)|Tetra- F- ratings . F-3 ratings
Pure 5-% 85 percent |ethyl Tean Rich S-3 +ml [Perform-
aromatic{reference|S-3 plus 15 |lead 5-2 +ml | Perform~| 5-3 + ml| Perform-| TEL Jance

fuel percent M-l; | (xl/gal)|TEL ance TEL ance number
. number number

Base fuel 0 0 100 L 0.36 112 0.26 109 0.39 113

Toluene 10 < 90 L 0.6 134 0.59 121, 0.4y 11

Ethylbenzene| 10 4] 90 A .53 119 1.02 126 A 113

Toluene 25 0 75 L C.shy i .85 152 J. 111

Ethylbenzene| 25 0 75 Iy .50 15 .36 15l 40 113

p~Xylene 25 ¢ 75 i .35 11 6.00 161 .53 120

Toluene 50 o 50 L 0.08 103 [»6,00 |--—— 0.28 110

Ethylbanzene 50 2 U L «37 112 =600 |- .07 103

p-Lylerne 50 Y 50 L 20 107 >6,00

pT:lene 10 90 0 N 3.24 148

Toluene 20 30 0 Ly 2.43 3 (6,00 |——— | 2.07 139

Ethylbenzene 20 80 0 l 2.05 139 >6,00 |————— 1.97 138

p~Zylene 20 80 J L 1.97 138

Ethylbenzene| 10 9 o ] 499,2 99

p-Tylene 10 90 o 0 899.5 99

Tolusne 20 80 0 0 898.3 97

Ethylbenzene| 20 80 0 0 298.5 98

p~Xvlene 20 80 0 0 299,86 99

aOcta.ne number.

el
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TABLE I¥. — LEAD SUSCEPTIBILITI Of IOLUZIE, ETHYLILNZENE, AND P-XYLENE BLENDS

E17.6 enginey compression ratio, 7.03 engine speed, 1300 rpmp
outlet—coolant terperatwure, 212° F; spark advance, 30° B.T.GJ

Compound -Tnlet-air | Composition | imep, with )i ml TEL/gal
temperature | (percent by voluzme) imep, with O ml Tﬁf7§5f
(°F) Pure 5~3 refer- Fuel-air ratio
aromaticfence fuel ¢, U0p5] 0,J7C| 0, 06510,10010, 110
85-3 250 0 100 1.60 | 1.8 |1.62 |1.56 |1.55 "
Toluene 250 10 90 1.58 | 1.67 {1.63 |1.55 |1.57
Ethylbencene 250 10 90 1.68 11.73 {1.65 |1.52 |1.51
p-Xylene 250 10 g0 1,63 {1.76 |1.64 |1.57 {1.57
Toluene 250 26 30 1.8 {1.74 [1.66 [1.56 1.59
Lthylbenzene 250 20 80 1.80 |1.93 {1.81 |1.68 [1.60
pXylems 250 2G 86 1.61 11.79 |1.71 |1.61 |1.58
85-3 109 0 100 1.8 [1.6, [1.82 |1.57 |1.58
Toluene 156 20 30 1.82 {1.8% |1.7C |1.68 |1.67
Ethylbanzens 100 20 80 1.78 |1.30 |1.7T1 [1.62 |1.60
p-Iylene 100 20 30 1,70 {1.72 11.76 |1.72 [1.66

a
The values presentedl for S-3 were obtained by averages from hhe curves
for 8-3% and the curves for 3-3 plus L ml TZL/gal.
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TABLE V. - TEMPERATURE SE3ITIVITY OF TOLUENE, ETHYLBENZENZE, AND p-XYLENE BLENDS

[17 6. enginesy compression ratio 35 7.03 engine speed, 1800 rpm;
outlet-coolant temperature, 212° Fj. spark advance, 30°

B.T. c]

Compound Composition Tetraethyl imep, inlet-air temp., 100° F
(percent by volume) lead imep, inlet-air temp., 250° F
Pure S5-3 refer- | (ml/gal) " Fuel-alr ratio
aromatic | ence fuel 0,085 [0.070 [ 0.065] 0.100] 0.110 |
853 0 100 0 .2, |1.22 |1.13 | 1.08 | 1.06
Toluene 20 80 0 1.23 (1,26 |1.21 | 1.09 {1.05
Ethylbengene 20 80 0 1.5 (1.9 |1.35 | 1.18 |1.09
pXylene 20 80 0 1.0 11.hhy 11.28 1.3 |1.07
85-3 0 100 N 1,27 [1,22 {1.13 |1.09 [1.68
Toluene 20 80 It 1.36 (1.33 [1.2, [1.18 [1.12
Ethylbenzene 20 80 L 143 {1.39 |1.28 {114 |1.09
p-Xylens 20 86 L .48 |1.39 |1.32 |1.20 |1.13

&The values presented for S-3 were obtained by using averages from the S-3 curves
at the tmw inlet-air temperatures.

SOPtE "ON WMV VOVN

i



S89T4NBUOIGY JIOF

0939 Tumo) AIOSTAPY TBUOTIEN

TABLE VI- — A COMPARISON OF NACA AUD UNIVERSAL OIL PRODUCTS COMPANY

DATA FOR TOLUENE AND ETHYLBENZENE BLENDS
EF—L; engine; final blends contain |y ml TEL/gal]

Compound Composition |source of imen, 1b/sq in,
(percent by volume) |data Fuel-air ratio,
Aromatic |85 percent 0.070 |0 | JORG |'O’R)90 L095 [0, 100 {0.I10 [0.120
sepcent - |
vercent y-4 .
Base fuel 0 100 juh e !152_ ] [17217, 17)-1-176 15 i7o180
11l A LTl
Toluene 10 90 NACA 15y ok J137 (151 [19L |197 [195
oo | sl 15 186|192 195] 203 200
Toluene 25 ] NACA 155 |18, lzc3 220 [227 [240 |24
Uop 1,2] 12z 209| 221 230 237 238
Toluene 50 5G NACA s 1 {2hy (299 |48 |— |—
UOP 136] 174] 263{ 295]  310{ 333 350
Ethylbenzend 10 90 NACA o 1571}4-2 1'.77l 8 19119 195 % 198 o7 200201 197202
7 31 1 1
Ethylbenzend 25 75 NACA 159 (191 Je1x |21 [227 |20 5 253&6
UOP 130 173} 200 oem} 222 23
Ethylbenzend 50 50 NaCA U2 f20h 250 272 (297 [— |—
UOP 136 215| 262| 280] 293 325 —

SOrLtTE *ON ULV VOVN
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(a) Inlet-air temperature, 250V F.
Figure 6. - Enock-limited performence of blends of p-xylene and S-3 reference fuel plus
4 ml TEL per gallon. 17.6 engine; compression ratio, 7.0; engine speed, 1800 rpm;
spark advance, 30° B.T.C.; outlet-coolant temperature, 212° F,
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Figure 7. - Knock-limited performance of 85 percent S-3 plus 15 percent M-4 plus

4 ml TEL per gallon in an F-4 engine.
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(a) 10 percent toluene plus 30 percent (85 percent S-> pius 1o percent M-4) plus 4 ml TEL

per gallon.
Figure 8. - Knock-limited performence of blends containing toluene in an F-4 engine.
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Fuel-alr ratio
(b) 25 percent toluens plus 75 percent (85 percent S-3 plus 15 percent M-4) plus 4 wl TEL
per gallon. -
Figure 8.-Continued.
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(c) 50 percent toluens plus 50 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL
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Figure 8. -~ Continued.
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Fuel-air ratio
(4) 20 percent toluene plus 80 percent S-3 plus 4 ml TEL per gallon.
Figure 8. - Continued.
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Fuel-air ratlo

(2) 10 percent ethylbenzene plus 90 percent (85 percent S=-3 plus 15 percent M-4) plus 4 ml TEL
per gallon.
Figure 9. - Knock-limited performence of blends containing ethylbenzene in an F-4 engine.
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(b) 25 percent ethylbenzene plua 75 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL

per gallon.
Figure 9. - Continued.
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(¢) 50 percent ethylbenzene plus 50 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL

per gallon.
Figure 9.-Continued.
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(d) 20 percent ethylbenzene plus 80 percent S-3 plus 4 ml TEL per
gallon.,
Figure 9. - Concluded.
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(a) 10 percent p-xyleme plus 90 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL
per gallon.

Figure 10. - Enock-limited performence of blends containing p-xylene in an-F-4 engine.
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Knock-limited inlet-air pressure, in, Hg abs.

l0c concl,

I

NACA ARR No.

E4JO5

110_ 1A RARRD S RB AR SEREE SRR REERE RER] LARE LRARP Al TT LAARIBRERAERARRS LASES ARARS RRERD BRA RS
- NATIONAL ADVISORY 4
- COMMITTEE FOR AERONAUTICS 3
100 F j .
%0 |- u( .
8o | .
3 :
70F - 2 .
o t 3
60 p
: Vi :
50 | /ﬂ/ .
: 7 :
4o | :
: ,LAW’ .
- -4
30'0\&1", ’/f} = :
- | — 3
: §>\*v/ | o ;
- RN = S .
20 b .
E . Fuel E
n [5) greeny o-xjylene [+50 fHepcedi (8% ve
- cgrt S-1 ¥ 1§ perdent i- )+E» m1)TELARl ]
- =]
-7 - S [5-3 4 0.5 [mL THC7ga 3
E c 3
o6- /n/p -
- g .
B P -
g F £ k
s < E e I ¢ ]
-~ 05 - L7 -4
s F 3
S F V;P 3
-t C 3
\ C w4 ]
E 1€ o ]
F =31
- . [ P 3 2500}
3 EE NN I TN N TSN NN I NN IR RS TSN I SN NN NN EE UE NNV SN EERINSSSI RN RNl NEN N R u N BNED
.05 .06 .07 .08 .09 .10 .21

{c) Concluded.

Fuel-air ratio

Figure 10. - Concluded.




NACA ARR No. EUJO5

Knock-limited imep ratio

Fig.
LIRS llll‘ll' L IIUTI llll If""'l T T 0 7 F LERSRLSA ] LIR BRARLS LELIL IS TV "T_l'-
NATIONAL ADVISORY h
ol s COMMITTEE FOR AERONAUTICS > <
L] }. / :
2.2 | / .
[ 3
2.0 | // -
1.8} / ]
8 d
1.6 E [Fuel-alr ratio /// i
[ o 10,0740 // ]
- ] 084 d
o o olo -y
1.4 [ n
: :
/ p
\.\-b—. :
0 10 20 30 Lo } 50J ==

Percentage toluene in 85 percent S~-3 plus 15 percent M-l
(a) Knock-limited imep ratio {linear secale),

Flgure 11. - The blendin

S-=
m13T

B

L per gallon.

E sensitivity of toluene in 85 percent
lus 15 percent M-4, F-U engine; final blends leaded to 4



Fig.

Knock-limited imep ratio (reciprocal scale)
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